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se autoigualan y son capaces de transferir 3 amperes a 50 voltios 
(carga no inductiva); la resistencia mdxima de contacto es de 0.100 
ohmios. Puede suministrarse con 17, 34 o 51 juegos de contactos. 
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RELEVADOR ‘“‘CODEL”’ TIPO 59 
Este relevador de 4 bobinas reemplaza el grupo de cuatro rele- 
i vadores individuales que se usaban en el Sistema Automdtico 
Strowger de Boletas de Larga Distancia, para registrar informacién 
digital en forma “Codel’”. Este nuevo relevador tiene menos piezas, 
es ajustado permanentemente en la fdbrica y provee contactos 
gemelos para mdxima confiabilidad. 
































Type 180 Toll Test Board Installation at 
inter-County Telephone Co., 
Avon Park, Fiorida 
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THE TYPE 180 
TOLL TEST BOARD 


By: J. P. Jallits 


The substantial increase in toll circuits, even in smaller 
toll centers, and the popularity of operator toll dialing, 
with corresponding reduction in ring-down circuits, have 
changed toll-testing practices and created a demand for 
a more flexible, compact, and modern toll test board. 
; The new Type 180 Toll Test Board (illustrated) has 
been created to meet these requirements. It can be en- 
gineered to provide the desired primary jacks, secondary 
jack circuits, and patching jacks required for any com- 
bination of toll trunk circuits. 


Used with Automatic Electric Types 20, 30, 31B and 
31C toll switchboards, this new test board permits both 
Primary and secondary testing of toll circuits, using 
either a separate position for each, or a combination 
Position. (Primary tests are tests of outside plant facil- 
ities on toll or telegraph lines. Secondary tests are overall 
tests. such as monitoring, signaling, talking, and trans- 
mission measurements.) The secondary testing circuit 
provides standard overall testing features for intertoll 
dialing (as well as for ring-down) trunks terminating 
in these boards—all having the signaling equipment lo- 
s Cate i on the line side of the patching jacks. 


The provision of secondary testing facilities is highly 
desirable as it enables the test-board attendant to extend 
calls by dialing or keysending, exactly as if the call had 
originated on the toll board. The secondary tests are 
more important with toll dialing than they were with 
ring-down operation; thus, the combination of primary 
and secondary test functions on the same positions is 
now considered the normal arrangement. 


The new test board is not designed to work with 
older toll boards nor with toll boards of other makes. 
However, it is possible to provide, for primary testing 
only, a lower unit consisting of a Wheatstone bridge, a 
volt-milliameter and an operator’s telephone circuit; thus 
equipped, the Type 180 test panel can be used with other 
types of toll boards than mentioned above. 


Each test panel consists of a jack field and a “lower 
unit” which provides mounting facilities for the test 
equipment, together with a keyshelf with keys and plugs 
for connection to the trunk under test. This equipment 
mounts on a 2434” relay-rack framework, as shown in 
the illustration. 








The Type 180 Toll Test Board (Continued) 


Figure 1. Typical Single-Jack Arrangement for Polar Duplex, Carrier, Positive-Negative and Ringdown Trunks 
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JACK-FIELD EQUIPMENT 


The capacity of the jack field has been practically 
doubled by utilizing a single jack for the tip and ring 
conductors instead of the former, more conventional, 
twin jacks; it is also made as flexible as possible, to meet 
various job requirements. The field is furnished without 
terminal blocks at the top of the unit; the installer will 
cable directly to the jack field from the distributing 
frame, thus making this equipment applicable with any 
combination of jack circuits. Figure 1 shows a typical 
jack layout for Polar Duplex, Carrier, Positive-Negative, 


and Ring-down-type trunks. These jack facilities will be 
briefly described; readers familiar with toll testing will 
recognize the circuits as conventional (except for the 
elimination of separate tip and ring conductors). 


Test Jacks 


Each toll trunk is associated with primary test jacks 
on the line side of the office equipment to provide a 
means for patching and testing either open-wire or cable 
toll lines. When required, telegraph-leg jacks can be fur- 
nished. A meter or test set may be placed in series with 
a telegraph circuit to measure current or voltage, or for 
monitoring. Similarly, dial-leg jacks in the dial toll trunks 
—between the composite signaling equipment and the 
composite set—permit a meter or test set to be placed in 
series with the line, to show the current or voltage in the 
signaling leg of the dial trunk. 


A set of E and M signaling jacks permit access to a 
point between the composite signaling equipment and the 
trunk relay equipment. A signaling test set (provided 


optionally) can be mounted above the jack field and 
inserted into the E and M signaling jacks to measure the 
percent-make of dial pulses received from either the toll 
line or the office. The test set also has facilities to monitor 
and transmit supervisory signals to either the line or the 
drop equipment. 


Patching jacks are provided to obtain access to a point 
between the trunk relay equipment and the repeat coil 
equipment. By means of these jacks the drop equipment 
circuits may be associated with the transmission path of 
any dial toll trunk. Patching jacks are also furnished for 
ringdown toll trunks, to obtain jack access to a point 
between the signaling equipment and the trunk relay 
equipment. They provide means by which the drop equip- 
ment can be associated with any ringdown toll trunk, 
regardless of the type of signaling employed on it. 


Each toll trunk appearing at the switchboard will have 
one listen-test and one out-of-service (OS) jack located 
at the toll test board. The listen-test jack provides an 
access to toll circuits at a point equivalent to the swich- 
board or selector bank multiple; this permits the toll test 
man to determine if a toll circuit is busy, and also to 
check the overall performance (dialing, supervision, ring- 
ing, and transmission losses) of these trunks. A tip-busy 
test circuit is used to indicate busy trunk circuits. 


The out-of-service (OS) jack accommodates a “dum- 
my” plug, to remove the trunk from service when desired. 
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The Type 180 Toll Test Board (Continued) 


Other Equipment Mounted in or Above Jack Field 


Separate jack-ended circuits are used for trunks be- 
tween the test board and the switchboard and other 
operating room facilities. Twenty-cycle ringdown and 
holding features are provided as a separate jack-ended 
applique circuit, thus avoiding tying up any of the pri- 
mary cords, as was the practice on former test boards. 


Other units mounted above the jack field as required 
are: a 4-cycle interrupter used for open-location and 
capacity tests, with the Wheatstone bridge; a signaling 
test set; two way trunks to local switching equipment, 
incoming trunks from intertoll selectors and transmission 
test facilities. 


LOWER UNIT 


The lower unit includes a keyshelf and other mounting 
facilities for the various primary and secondary toll test 
equipment, and the plugs and keys necessary to asso- 
ciate this unit with the trunk under test. The unit mounts 
on the face of the 2434” rack, with the keyshelf 373,” 
from the floor. The plugs are mounted on a sloping plug- 
shelf, and the relay equipment on mounting plates 
directly below tne keyshelf. A front panel and foot-rail 
are provided to protect the relay equipment. 


The keyshelf (see Figure 2) is 157%” deep, and is 
divided into two sections. The left-hand section is used 
for mounting the keys of the secondary test cords, a dial 
or keyset, the primary test keys, and the volt-milliameter. 
The right-hand section is used to mount the Wheatstone 
bridge; when a bridge is not provided, a Plexiglas cover- 
ing is placed over this section, as a bulletin holder. 


The plug-shelf rises at a 30-degree angle from the key- 
shelf. Three single-plug cords (tip and ring), one single- 
plug cord (tip and sleeve), and one single-plug cord 
(tip) are provided for primary testing. For secondary 
testing, two cord pairs with single plugs (front and rear) 
may be provided for toll trunks terminating directly on 
the toll-board multiple, and two cord pairs with one twin 
and one single plug (front and rear) for toll circuits 
normally accessed via the selector multiple only. 


Primary Test Circuit 


The primary test facilities permit testing and analyzing 
line troubles by means of a volt-milliameter; finding the 
location of line faults with a Wheatstone bridge; and 
talking, monitoring, and ringing on toll lines. The test 
circuit includes 20-cycle ringing, and furnishes talking 
battery to a repairman. 


The meter, used as either a voltmeter or a milliameter 
by the operation of the proper keys, is located at the 
front of the keyshelf. The primary test circuit terminates 
in the two single plugs A and B, one single plug TG, and 
two single plugs C. The A, B, and TG plugs may be con- 
nected through keys to the meter, or to the operator’s 
telephone circuit. With these plugs the following tests 
may be made: 


1. Busy test, using voltmeter 

. Continuity tests 

. Tests for shorts or grounds 

. Bridge capacitance tests 

. Insulation resistance 

6. Measurements of telegraph currents 


Ot &® W bo 


The two single plugs C are used only with the meter or 
Wheatstone bridge. 
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Wheatstone Bridge Circuit 


The Wheatstone bridge is intended for locating faults 
on cable or open-wire conductors by picking up the cir- 
cuits directly at the primary jacks. With the exception of 
the Murray Loop, which is now rarely used, all the 
Wheatstone bridge tests which have heretofore been pro- 
vided at toll testboards are retained, but the methods 
have been somewhat modified, due to certain circuit 
simplifications. 


Jack terminations, keys for the Wheatstone bridge, and 
the potentiometer for the suppression of induced poiten- 
tials, are mounted in the upper unit on a miscellaneous 
key strip. The 4-cycle interrupter associated with the 
bridge is also in the upper unit, above the jack field. 


Secondary Test Circuit 


The secondary test circuit is essentially the same as 
the circuits of the A.E. Type 31 toll board; it consists 
of two to four pairs of cords for secondary testing, and 
a common position circuit for splitting the cords or con- 
necting them to the test operator’s telephone circuit. The 
operator’s telephone circuit is common to both the prim- 
ary and secondary cords, and is equipped with a transis- 
torized monitor amplifier (described on page 48). 


The secondary test cords serve as patching and holding 
cords, and together with the position circuit, provide a 




























The Type 180 Toll Test Board (Conclusion) 


means of talking, ringing, and dialing or key-pulsing on 
trunks, as required. They are used to: 


Access individual toll circuits terminated on toll-board 
jacks or intertoll selector banks, for testing and talking. 


Routine intertoll trunks with reference to dialing, 
supervision, ringing, and transmission loss. 


Ascertain the nature of trouble on intertoll trunks, in 
order that immediate corrective action may be taken. 


SUMMARY 


The new Type 180 Toll Test Board affords greater 
flexibility than earlier designs, and increased capacity in 
the jack field arrangements. Instead of requiring separate 
panels for primary, secondary, and Wheatstone bridge 
tests, these three functions can now be combined in a 
single panel and associated lower unit; thus a smaller 
test board is adequate for small toll centers, while greater 
efficiency of operation is achieved on larger installations. 
The testing circuits and method of operation have been 
simplified, and this should result in overall economy and 
increased reliability of operation. 


JOSEPH P. JALLITS graduated from Illinois Institute of Tech- 
nology in 1950, with the degree of B.S. in Electrical Engineer: 
ing. He joined Automatic Electric that same year as a student 
in the training school. Following completion of the course, he 
was assigned to Installation, Exchange Engineering, and the 
Testing Bureau. He is now assigned to the Telephone Switch- 
ing Systems Department of the Laboratories as a project engi- 
neer, where he is presently doing development work on test 
equipment and automatic routiners. He is a member of the 
American Institute of Electrical Engineers. 
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Technical Journal 


Among the papers offered to the editor of the Technical 
Journal by members of our Laboratories and Engineering 
staffs, there are many which would be of great interest 
and value to a limited number of our readers, but are not 
of such general interest as to justify publication in the 
Journal. To make these papers available to our readers, 
we have recently begun publication of a new series of 
“Monographs”. Certain papers already published in the 
Journal will also be included in this series, so as to make 
them available to readers desiring additional copies. 


The Monographs presently in preparation are outlined 
below; as additional papers in this series are prepared 
they will be made available through the Technical Jour- 
nal. To receive copies of those in which you are inter- 
ested, simply address your request to “The Editor, 
Automatic Electric Technical Journal, Northlake, III.” 


MONOGRAPH NO. 1—Electronic Switching—by R. C. Stiles. 
A reprint of the article which appeared in our January, 
1959, issue. 


MONOGRAPH NO. 2—Evolution and Behavior of the “B” 
Function Relay—by R. B. King. A discussion of this 
relay (which is basic to the Strowger Automatic sys- 
tem) and of the developments through the years, which 
have increased its operating range and reliability. Mr. 
King writes from a background of thirty-five years with 
Automatic Electric, during all of which time he has 
been closely associated with relay development and 
application. 


: 
| MONOGRAPH NO. 3—A Practical Method for the Prediction 


of Relay Operate Time—by R. E. Stoffels. A presenta- 
tion, with several nomographic charts, of a simple 
method of calculating the operate time of a relay. 
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MONOGRAPH NO. 4—Emergency Restriction Line and 
Trunk Load-Control—by J. C. Colbourne and D. C. 
Zukausky. A description of facilities available for re- 
stricting telephone service in time of disaster or emer- 
gencies, so as to assure service to certain key subscribers 
and personnel. 


MONOGRAPH NO. 5—Trends in North American Telecom- 
munications—by Dr. I. Molnar. A brief survey of cur- 
rent developments in this area, of interest particularly 
to telephone engineers and executives outside the 
United States and Canada. 
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Figure 1. Transistorized Monitoring Amplifier 





NEW 


TRANSISTORIZED 
AMPLIFIER 


... for monitoring toll service 





Automatic Electric Laboratories has designed a Tran- 
sistorized Monitoring Amplifier for toll service observing 
desks, which replaces the former vacuum-tube type. As 
shown in Figure 1, the new unit is of “plug-in” design— 
easily removed for maintenance purposes. It can be con- 
nected across the toll lines without disturbing repeater 
balance or appreciably reducing transmission; it provides 
better gain, and reduces current drain. 


OPERATION 

The operator, when observing a toll call, inserts a 
headset plug into the jack of the toll service observing 
desk, thus closing the exchange battery to the amplifier 
circuit. By operating a cord key on the desk, leads TM 
and RM (see Figure 2) are connected across the toll 
trunk which is to be monitored. 


CIRCUIT FEATURES 

¢ Transformer-coupled input impedance of 5000 ohms. 

¢ Transformer-coupled output impedance of 500 ohms. 

¢ Single-stage, capacitive-coupled, transistor amplifier, 
arranged for volume control. 

¢ Power gain of 27db, and insertion attenuation im- 
perceptible to the position being monitored. 

¢ Operates on 48-volt battery. 
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CIRCUIT OPERATION 


Voice-frequency currents are introduced as the input 
signal over the two leads TM and RM, through d-c 
blocking capacitor C4, to the primary winding of input 
transformer Tl. This transformer presents an impedance 
of 5000 ohms across the toll trunk; since this is relatively 
high compared to the trunk impedance, no appreciable 
transmission disturbance occurs on the trunk. 


The input signal voltage is induced in the secondary 
of input transformer T1, and also appears across volume 
control potentiometer Pl and resistor Rl, in parallel. 
A portion of the input signal is also applied from the 
center tap of potentiometer P1, through coupling capac- 
itor C1, and across resistor R5. The input signal is am- 
plified by the transistor, the output flowing from the 
collector through the primary of the output transformer 
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T2. A portion of the output signal is fed back through 
resistor R2 to the base of the transistor, for stabilization 
of the amplifier. 


Capacitor C3 shunts emitter resistor R6 to prevent 
degeneration and loss of gain. Capacitor C2 (connected 
between negative battery and ground) provides a by- 
pass for the voice-frequency component of current. 


As the amplified signal current flows through the pri- 
mary winding of output transformer T2, corresponding 
voltage is induced in the secondary winding which con- 
nects leads R and T to the operator’s headset. This 
secondary winding, having an impedance of 500 ohms, 
should be connected to the headset with similar imped- 
ance, to prevent loss of gain and also frequency dis- 
crimination due to impedance mismatch. 
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A 100-LINE 
ELECTRONIC 
PRIVATE 


AUTOMATIC TELEPHONE SWITCHBOARD 


The rapid development of semi-conductor devices has 
opened attractive possibilities for the use of electronics in 
automatic telephone switching. Several articles have been 
® published in the Technical Journal* which have described 
specific applications of this new technique as developed 
in Automatic Electric Laboratories. The following para- 
graphs describe an experimental electronic switchboard 
designed to serve as a private automatic exchange for up 
to 100 subscribers. The system provides voice-frequency 
# connections between subscribers by employing PNPN 
silicon diodes in a four-stage network. Control action is 
performed by centralized equipment which is time-shared 
by all subscribers. 


The Electronic Private Automatic Telephone Switch- 
board discussed herein is shown in block-diagram form 
in Figure 1. In the switching network, audio-frequency 
connections between pairs of subscribers are established 
and terminated under control of the marker (composed 


*Electronic Switching, by Richard C. Stiles, January 1959. 
A Fully Automatic Telephone Exchange using Time-Division- 
Multiplex Technique, by Donald K. Melvin, April, 1959. 
Lossiess Transmission Circuit for an Electronic Switching 
System, by L. K. Lugten, July, 1959. 


A Ferrite-Core Memory System and Distributor for a Small 
Elect onic Telephone Switching System, by P. E. Osborn, 
Octol.er, 1959. 
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Figure 1. System Biock Diagram 


By: John G. Van Bosse 


of registers and associated logical circuitry) which in 
turn receives “connect” commands from the control 
equipment. The “connect” command to the marker is 
accompanied by the addresses of both the calling and 
the called subscribers. 


The control equipment collects, modifies, and stores 
information to be used by the marker. It consists of a 
ferrite-core memory which contains 100 words of 16 bits 
(one word for each of the 100 subscribers) , a register, and 
logical circuitry. Since a time-sharing control method is 
used, a distributor is employed in the system to generate 
100 sequential timing pulses, each pulse 160 microseconds 
in length and the complete cycle recurring every 16 
milliseconds. 


These 100 timing pulses divide the system time-base 
into 100 “‘time slots’, each associated with one subscriber. 
During the appearance of a time slot the distributor will 
address a word in the ferrite-core memory which is read 
out from the memory into a “P” register (in the control 
equipment) which now contains information from the 
subscriber that is 16 milliseconds old. At the same time, 
the distributor addresses the subscriber’s line equipment, 
and if the subscriber’s line-loop is closed, a current- 
sensing device will produce a signal on the H-highway 
during this time-slot period. 








THE CROSSPOINT SWITCHING NETWORK 


Crosspoint Elements 


As previously stated, PNPN silicon diodes are used 
as crosspoint switching elements. As can be seen in Fig- 
ure 2 [a], the voltage-current characteristics of these 
diodes provide three distinct regions: “off” (1), “on” 
(3), and “negative impedance” (2). In the “off” region 
the device will exhibit a large resistance, in the order of 
a few megohms. In the “on” region it will exhibit a 
small resistance, in the order of a few ohms—in series, 
however, with a fixed forward-voltage drop (VF) of one 
volt. These two regions are separated by the “negative- 


impedance” region. 


To switch from “off” to “on”, the device is subjected 
temporarily to a voltage in excess of the breakdown volt- 
age (VB). When in the “on” state, the device will remain 
there until current is diminished below a critical value, 
In (holding current). 


Explanation of these voltage-current characteristics in- 
volves visualizing the PNPN device as an NPN and a 
PNP transistor connected back-to-back, the outside layers 
functioning as emitters (see figure 2[b]). It can be 
seen that the device is in the “on” state when the sum 
of the alphas of both transistors exceeds unity. The alphas 
are dependent both on current density and on the reverse 
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Figure 2. PNPN Silicon Diodes used as Crosspoint Switching Elements 


potential across the center junction, which acts as col- 
lector-base junction in both transistors (avalanche mul- 
tiplication) . 


Starting in the “off” state, the sum of the low-current 
alphas is well below unity. Increasing the voltage across 
the device, the alphas increase because of avalanche mul- 
tiplication, until their sum reaches unity at the break- 
down voltage Vs. Starting in the “on” state, the high- 
current alphas are sufficiently large to insure their sum 
being larger than unity. Decreasing the current through 
the device, however, decreases both current-sensitive 
alphas until their sum just equals unity at the holding- 
current level, In. When the current is reduced further, 
the sum of the alphas drops below unity and the device 
turns off. 


The network in which these elements are used con- 
tains a number of switching matrices. Each matrix con- 
tains a number of horizontal input wires and a number 
of vertical output wires, and the crosspoint elements are 
located at the intersections of the incoming and outgoing 
wires. Since, in the “on” state, elements exhibit a very 
low impedance between terminals, an incoming wire is 
effectively connected to an outgoing wire when the cross- 
point element at their intersection is turned on. 
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Figure 3. Crosspoint Switching Network 
accommodating eight subscribers 
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Network 


For simplicity, we show in Figure 3 such a switching 
network accommodating only eight subscribers (11, 12,13, 
14, 21 — 24), and capable of handling up to four simul- 
taneous connections, but otherwise comparable to the 
network accommodating 100 subscribers. Black line shows 
a possible connection between calling subscriber 12 and 
called subscriber 23. This connection runs through four 
cascaded switching matrices XA, XB, XC and XD. 
(Note that the number of the XA switch involved in the 
connection is determined by the first or “tens” digit 
identification of the calling subscriber. Likewise XD 
switch 2 is also involved in this connection, since the 
called subscriber has a “tens” identification “2”.) The 
marker, during the route-selection period, will determine 
what XB and what XC switch is available to establish 
the connection. 


At the center of the switching network, the links join- 
ing XB and XC matrices pass through junctors (J). (A 
junctor is identified by a two-digit number, the first digit 
corresponding to the number of the XB switch and the 
second to the number of the XC switch that are joined 
by it.) The junctors serve to maintain an established 
connection until a “disconnect” command is received by 
the marker from the control equipment. Such a command 
is always accompanied by the junctor address, indicating 


XC -| XD=-1 
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100-Line Switchboard (Continued ) 


the connection to be terminated. The connection from 
calling subscriber 12 to junctor J21 is shown in more 
detail in Figure 4. Since the switching network exhibits 
a mirror-symmetry with respect to the center line, the 
other half of the connection, from junctor J21 to called 
subscriber 23, involves identical elements. We will assume 
that the marker has received a request to connect sub- 
scriber 12 with subscriber 23, and that at the end of the 
route-selection period it has determined that the route 
through XB-2 and XC-1 is available for this connection. 


Initially, the junctor (J21) is idle; flip-flop FF-J21 
is in state “O” and supplies base current to Q1 which is 
in saturation, carrying currents from + VssB_ through 
resistors Rl and diodes CR1, so the potential PA is close 
to ground. Transistors Q2 are “off” and the potentials 
Ps and Pc of the idle links are also close to ground. 


The first step in initiating a connection involves mark- 
ing the selected links of the route. Every link contains a 
transistor, Q2, and a resistor, R2. Transistors Q2 are 
driven by “AND” gate circuits, which in turn are fed 
from marker outputs. Since subscriber 12 is to be con- 








nected to the left-hand side of the network, marker oui- 
puts LT-1 (left tens-1) and LU-2 (left units-2) are 
energized. Since the connection is to be routed over 
XB-2, the marker output XB-2 is energized; during the 
marking time, the marker output M is also energized. 
This activates the “AND” gates and saturates Q2A and 
Q2B; the voltage at PB and Pc drops to —\% VB. 


A little later the “AND” gate to the “set” input 
FF-J21 is energized by the addressing signals XB-2 and 
XC-1, and the connect command “C” from the marker. 
The flip-flop moves to state 1, cutting off Ql, and the 
voltage at Pa starts rising toward + VBB. When the volt- 
age reaches + 14 VBsB the PNPN diode in XB2 breaks 
down, and the voltage PB rises. When this voltage reaches 
the value + 14 Vs, the PNPN diode in XA-1 breaks down 
and the voltage at Pc rises. When this voltage reaches 
ground, CR-2 starts conducting. (Note that during the 
marking and connecting actions, the potentials at Pa, 
Ps, Pc are restricted between the values of + 14 VB and 
— 14 VB. Since the potential of both idle and busy links 
in the system remains within a few volts from ground, 
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Figure 4. Crosspoint Network 
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all PNPN diodes connected with one terminal to the path 
e being established are subjected only to voltages in the 


» | order of 4% VB, and therefore do not turn on spuriously. ) 
j 

ef The marker next suppresses the marking command M; 

1. | Q2A and Q2B turn off. A connection is now established 

d | from J21 to the line transformer of subscriber 12 through 


the PNPN diodes in XA-1 and XB-2. At the same time 
a similar process initiates the connection in the right- 
d hand half of the network between J21 and the called 
subscriber. The four-layer diodes in both branches re- 

| ceive sustaining current through resistors Rl. Voice- 


ne | 
“ | frequency currents are carried from one side of the net- 
be work to the other through capacitor C in the junctor 


circuit. 
es 


' 
m | This situation continues until the marker receives a 
\ “disconnect” order, which is accompanied by the address 


1eS 

he of the junctor that held the connection. In our case, 
A, | marker outputs XB-2 and XC-1, addressing junctor J21, 
nd | are energized. When the disconnect signal “D” appears, 


ks | the “AND” circuit feeding the reset input of FF-J21 is 
1d, energized, and the flip-flop reverts to state “0”. In this 
state, Q1 is turned on and saturates. Since the sum of 
the forward-voltage drops of Q1 and CR-1 is smaller 
than the sum of the forward-voltage drops of the PNPN 
diodes in XA-1 and XB-2, the sustaining current through INHIBIT DRIVERS I 
Rl is diverted from the PNPN diodes to CR-1 and Q1. iy 

Consequently, the PNPN diodes return to the “off’ con- 
dition, terminating the connection. 
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The Ferrite-Core Memory 








In the first part of this article we touched lightly upon 
the control equipment, which contains a ferrite-core 
memory. Figure 5 shows the relation of this memory to  \f~7~ 7777777 > 
the control equipment. As can be seen, the core memory 
' contains 100 words (one per subscriber) of 16 bits each. 
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As shown in Figure 5, all words are read out sequen- 
tially into the “P” flip-flop register (in the control equip- REGISTER F-F 
ment), under command of the distributor. After read-out, yy ae 
a word is modified in the logical net and the new word is 
written back into the core memory to be read out 16 
milliseconds later. A word is modified by new information 
generated by the subscriber who, through his dial or his . " Pe 
hook switch, controls his line-loop condition; line-loop TO MARKER 
condition is sensed in the line equipment, which causes 
a signal, ““H’’, to be fed into the logical net at the time 
a closed loop condition is present. A word can also be 
modified under command of the marker; this happens, 
for instance, when the marker has received a connect 
request from a calling party, and now stores the numbers Figure 5. Control Equipment showing “‘Flip-flop"’ Register 


























56 
100-Line Switchboard (Conclusion ) 


of both the calling and the called parties. When the word 
corresponding to the called party is read out (which is 
evidenced by a parity of the called-party address, as 
stored in the marker, and the distributor-generated ad- 
dress) this word is changed to indicate that the cor- 
responding subscriber now is a called party. 


The 16-bit word can be divided into four parts of four 
bits each. Bits 1-4 indicate the state of a subscriber (in 
our present system there are twelve subscriber states, 
e.g., at rest, dialing, connected as calling party, connected 
as called party, etc.). 


Bits 5-8 contain information on the subscriber line- 
loop condition: 


Bit 5 indicates whether the line-loop was open or closed 
at the time the word presently read-out was written, 16 
milliseconds ago. Comparison of this “last look” with 
“‘H”’ determines whether a change in line-loop condition 
has occurred (a reversal in line-loop condition may mean 
the beginning, or the end, of a dial impulse, or the lift- 
ing or replacing of the subscriber’s handset) . 


Bits 6-8 form a counter chain, determining how many 
cycles ago the line-loop condition was last changed. The 
counter is reset to count “1” at every loop-reversal, and 
steps up from there every succeeding cycle as long as 
there is no loop reversal. This information is needed to 
differentiate between the short makes and breaks gen- 
erated by a spinning dial (which are in the order of 
40-60 milliseconds) and makes and breaks of sufficient 
length for the counter to reach its highest count, “7”, 
indicating 112 milliseconds since the last loop reversal. 


A make-after-break of 112 milliseconds is interpreted as 
the inter-digital pause between two trains of dial im- 
pulses. A break-after-make of 112 milliseconds indicates 
that the subscriber has replaced his handset on the hook. 


The meaning of bit groups 9-12 and 13-16 depends 
on the subscriber states as coded in bits 1-4. When bits 
1-4 indicate that a subscriber is dialing, bit group 9-12 
collects and stores the first dialed digit and bit group 
13-16 collects and stores the second dialed digit. In this 
way the address of the called party is made available to 
the marker. On the other hand, when bits 1-4 indicate 
that a subscriber is connected to the switching network, 
either as a calling party or as a called party, bit group 
9-12 indicates the number of the XB switch and bit group 
13-16 indicates the number of the XC switch involved 
in the connection. In this way, the marker is informed 
(when in the 16 millisecond route-selection cycle during 
which the words corresponding to every subscriber ap- 
pear once in the “P” register) about all connections 
already in progress, and can select a remaining free route 
for the new connection to be established. In addition, 
this information, which is in effect the junctor address, 
is used by the marker to terminate the appropriate con- 
nection when bits 1-4 show the subscriber to be in the 
“waiting-to-terminate”’ state. 


Having formulated the meaning of the various bit posi- 
tions in the 16-bit word, the rules for modifying a word 
can be deduced by straightforward Boolean techniques 
and implemented in a logical network feeding the 16 
digit-inhibit drivers of the ferrite-core memory. 
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Signaling 


Since the ferrite-core memory in the control equipment 
contains a storage location for every subscriber, any sub- 
scriber may start dialing immediately after lifting his 
handset; therefore, no provision is made for dial tone. 


Ringing and ring-back tones are provided from the 
junctor involved in a connection, and are under control 
of a second, “ringing”’, flip-flop associated with the junc- 
tor. This flip-flop is set to state “1”, thereby gating a 
ringing signal on the connection, when it is first estab- 
lished; this signal is transmitted through the crosspoint 
network to both calling and called subscribers. When the 
called subscriber lifts his handset, his state bits 1-4 in the 
ferrite-core memory are changed from indicating “called 
party, not answering” to “‘called party, answering.” Since 
the address of the junctor involved in the connection has 
been written in bit positions 9-16 of the word correspond- 
ing to that party, it is possible to reset the proper ringing 
flip-flop, thereby terminating the ringing. 


It is not practical to drive conventional electromechan- 
ical ringers with the signal levels that can be transmitted 
in the crosspoint network. Therefore, each telephone in- 
strument is equipped with a transistor amplifier which is 


| energized whenever the telephone handset is on hook. 
| Ringing signals are thus amplified, and are fed into the 


receiver capsule of the handset, producing a tone signal 
of ample loudness. 


CONCLUSION 


In the near future, electronic switching systems will 


emerge from the laboratory to the field-test stage. Elec- 


ea Dnbascssitrissteceens:. 









‘ 


3 
‘ 


tronic techniques will certainly bring about greater 
versatility and size reductions in telephone equipment, 
when compared to present-day electromechanical sys- 


) tems. Of course, operational reliability will have to be 
| Proven in field tests, and will depend in a large measure 
}0n the reliability of the individual semiconductor com- 


Pone;its used. 
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Figure 2. Impedance of Loaded Cable at 0.5 End Section 


Within the last five years, transistorized negative- 
impedance repeaters have been widely accepted in the 
telephone plant, because of their low operating and 
maintenance cost. These repeaters, when properly in- 
stalled, have given creditable performance in improving 
transmission, on circuits (usually not exceeding 25 miles 
in length) connecting a subscriber to his local telephone 
office, or interconnecting a group of offices within an 
exchange area. Sometimes, however, present types of 
negative-impedance repeaters emphasize a problem called 
“talker echo.” 


When a subscriber makes a call his speech-energy 
travels over the telephone line to the called instrument. 
§ If the line and the instrument do not have a good im- 
pedance match, some of the speech-energy will be re- 
flected back to the calling subscriber, and if an appreci- 
able time is required for this travel to the distant instru- 
ment and back, the speech-energy will be received as an 
echo (“talker echo”). This noise creates an impression 
that the called subscriber is trying to interrupt. 


Talker echo increases as “return loss” decreases (re- 
turn loss is a measure of the extent to which the line 
impe lance departs from that of the standard office im- 


pedance; it is measured in decibels). Our objective is 
therefore to obtain the highest practicable return loss, 
since more energy is then transmitted and less is reflected 
to the sender. If the impedance of the line were perfectly 
matched to that of the distant “load,” all the energy 
transmitted would be absorbed in the “load” equipment 
at the distant or receiving end of the circuit. However, 
such ideal conditions do not exist because the transmis- 
sion line itself contains minor impedance irregularities 
and therefore does not match perfectly the sending and 
receiving devices at all frequencies. 


To illustrate this point let us look at the character- 
istic impedance of a loaded cable pair at the 0.5 end 
section, as shown in Figure 2. This pair has a resistance 
component which increases with frequency, but with a 
very small negative reactance component; the compro- 
mise network in the usual intertoll terminating circuit 
has a resistance which remains constant at all frequencies. 
When a suitable repeat coil is used for proper matching 
at 1000 cycles, the return loss of the compromise network 
against the toll connecting trunks is good at 1000 cycles 
—frequently in the order of 20 db. Since the resistance 
compoent of the trunk impedance increases with fre- 
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Figure 3. Return Loss Characteristic of Loaded Cable 


quency, however, the return loss against the same fixed 
value of the compromise network deteriorates with in- 
creasing frequency—to what extent will depend upon the 
cutoff frequency of the loading section; with H88 loading, 
the 3000-cycle return loss is in the order of 9 db, as 
shown in Figure 3. To add a negative-impedance re- 
peater of any of the existing types to an end-office with 
such a network would deteriorate this return loss even 
more because of the small irregularity that the repeater 
itself would add. It is for this reason that a repeater of 
this type is rarely used alone near this type of office; to 
substantially improve this return loss a conventional im- 
pedance compensator is used with the cable pair to keep 
its impedance from changing significantly over the fre- 
quency range from 1000 cycles up. 


An impedance compensator most widely used in tele- 
phone practice incorporates a conventional 44 MH load 
coil and build-out-capacitance as shown in Figure 2. The 
capacitor builds out the loading end section of the cable 
to approximately 0.8 section for which the resistance 
component of the impedance is substantially uniform over 
the frequency range up to a high fraction of the cutoff 
frequency, and the reactive component becomes increas- 
ingly negative with frequency. Since an inductance has a 
positive reactance to frequency, the addition of a coil of 





suitable magnitude at this point in the loading end sec- 
tion tends to cancel the negative reactance over the fre- 
quency range in question, resulting in an impedance 
substantially resistive and of fairly uniform value between 
1000 cycles and a frequency corresponding to about 0.85 
cutoff. 


The impedance on the office or drop side of a conven- 
tional impedance compensator remains primarily resistive 
over the voice-frequency band; consequently, it is pos- 


sible to add, at this point, a negative-impedance repeater — 


which uses only a resistance for its gain adjustment net- 
work. By making this resistor adjustable, a simple gain 
adjustment is obtained in the network. Since this type 
of gain adjustment does not involve phase angles, it 


matches closely the resistive line, and as a result, the 
overall frequency response of this combination becomes | 











— 





smoother than with former repeaters. Also, because of | 


the use of the compensator, the return loss at the upper 
end of the frequency band (3000 cycles), remains in the 
order above 20 db when compared under similar con- 


ditions. 


The merits gained by the use of an impedance com- 
pensator in conjunction with a negative-impedance re- | 


peater must be considered in future design. 
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Figure 4. Eight AT-6 Repeaters Mount on One Shelf 
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Figure 5. Inside View of Repeater, showing 
Component Mounting Details 


Oscillation in Idle Condition 


The basic impedance compensator will work satisfac- 
torily with a combination series-shunt repeater on the 
drop side when the circuit is in the idle condition. During 
the use condition the series section of the repeater may 
“sing”. Figure 2 shows how the impedance of a simple 
compensator drops at the high frequency end of the 
band. Because a series negative-impedance repeater is 
short-circuit unstable, oscillation will occur as a result 
of this drop in impedance. To correct this unstable con- 
dition the compensator is resonated at 3500 cycles. Fig- 
ure 2 further shows how this resonance keeps the imped- 
ance constant to about 4000 cycles before a change occurs. 
Using this tuned compensator, the series section of the 
repeater will be stable in the use condition but the shunt 
section will oscillate in the idle condition, since this sec- 
tion is open-circuit unstable and will oscillate when its 
termination impedance rises. This oscillation is corrected 
by a series resonant circuit (peaked at 5000 cycles) and 
bridged on the line to keep the line impedance substan- 
tially constant up at this range. Figure 3 shows how an 
impedance compensator keeps the return loss of a typical 
loaded facility high and substantially constant over the 
frequency band in question. 








Type AT-6 Negative Impedance Repeater 


The new Type AT-6 Negative Impedance Repeater is 
shown in Figures 1 and 5. The unit, 2 inches wide and 
1014 inches deep (overall) occupies a shelf height of 51 
inches. Up to eight repeaters can be mounted on a single 
shelf for the 19-inch relay rack, as shown in Figure 4, or 
ten repeaters can be mounted on a shelf for the 23 inch 
rack. The AT-6 utilizes the same shelf and shelf jack 
which has become so popular with the AT-2 and AT-3 
repeaters. The repeater slides on a track to engage an 
8-point shelf jack, factory adjusted to switch both sides 
of the line straight through when a repeater is removed. 
This feature permits rapid replacement of a defective 
repeater without interrupting conversation. 





New Negative-Impedance Repeater (Continued ) 
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Figure 6. Circuit of the AT-6 Repeater 
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The AT-6 will afford the following improvements to 
3 the telephone plant where repeaters are required: 


@ It is a combination series and shunt repeater in one 
case; this results in 50% saving in space required for 
| mounting. 


; © The unit is fully transistorized. This saves space and 
| power, and offers many other advantages. 


@ It uses a simple resistance-adjustable network, con- 
| trolled from the front panel. This greatly simplifies 
the gain adjustment by eliminating strapping tables, 
| and increases the accuracy of the repeater’s impedance, 
since variations in impedance angles are eliminated. 
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@ In the AT-6 repeater the use of screws as connecting 
if elements between components in the network eliminates 
A. > strapping and the need for soldering irons, and also 
reduces the chance of making errors in strapping. 


4 © The repeater may be tested for gain in a standard test 
: circuit without actually connecting to the facility. The 

gain thus obtained will be very close to that obtained 
in the facility. 








Circuit 






























The circuit of the AT-6 Repeater, shown in Figure 6, 
contains a series and a shunt section which are isolated 
from the telephone circuit through transformers. Figure 7 
shows the circuits of the Line Build Out (LBO) and 
gain-adjusting networks which are added in accordance 
with the facility encountered. Low frequency correction 
is afforded by adjustment of the ratio of series to shunt 
section gains. The repeater has two switches on the front 
panel, which permits adjustment of gain between 0 and 
12.5 db in 0.5 db increments. The front panel also con- 
tains monitor test connections and a card holder for 
identifying the circuit on which the repeater is connected. 








Figure 8. Repeater Performance vs. Supply Voltage 
Amplifier 


The AT-6 amplifier section and the LBO and gain- 
adjusting networks are assembled on single-sided printed 
wiring boards. The input transformer is mounted sep- 
arately from the amplifier section. Strapping on the LBO 
and gain-adjustment networks is accomplished by tight- 
ening screws which contact the printed wiring board. 
This eliminates the use of a soldering iron and necessi- 
tates only the use of a conventional screwdriver. 





The AT-6 uses eight PNP transistors (four in each 
section); the use of this circuitry permits interchange- 
ability of transistors without the need for recalibration. 
It also reduces the characteristic of aging or gain de- 
gradation which sometimes occurs after a few years of 
operation when single transistors are used. 


New Negative-Impedance Repeater (Continued ) 
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Performance 


The AT-6 Repeater consumes approximately 1.7 watts, 
using the conventional 48 volt telephone exchange bat- 
tery. With such small power consumption, heat radiation 
is not a factor; consequently, fans or air-circulating equip- 
ment are not required. Figure 8 shows that the supply 
voltage is not at all critical; in fact, the gain of the unit 
remains constant with a supply voltage variation between 
34 and 60 volts; even at 3 volts, the gain of the repeater 
drops only to approximately one-half. 


In all applications the AT-6 can provide its maximum 
gain when installed somewhere in the middle third of the 
line facility; when installed as a terminal repeater its 
gain is limited to about 70% of the loss of the line, with 
6.0 db as maximum. When used in a midpoint applica- 
tion, gain equal to 75-85% of the loss of the line may 
be obtained, with 12.5 db gain as the maximum. Advan- 
tage may be taken of this midpoint behavior by installing 
these units along the middle third of the line (possibly 
mounted on poles) and furnishing supply voltage from 
either of the end offices, by using a spare pair in the cable. 
The AT-6 Repeater has a very significant merit in such 
applications, in that changes in supply voltage cause only 
small changes in the gain provided, as shown in Figure 8. 
Reduction in supply voltage affects only the output (over- 


Figure 9. Effect of Temperature Changes 
on Performance of Repeater 


load) capabilities of the unit. This effect generally causes 
little difficulty, because as the repeater is installed further 
from the office (with supply voltage supplied from the 
office), its input signal is also reduced; consequently, 
overloading rarely occurs. The AT-6 is capable of han- 
dling outputs from signals normally occurring in tele- 
phone practice, without compression or distortion. 


The AT-6 Repeater can be operated satisfactorily up to 
ambient temperatures of 140°F (60°C) before gain de- 
gradation occurs as shown in Figure 9. Above 60°C the 
gain of the repeater begins to drop; it reaches zero some- 
where above 185°F (85°C). In most applications these 
effects are of no significance, but in pole-mounted repeat- | 
ers, for example, where temperatures of 60°C might be 
exceeded, it is well to consider the use of air circulation 
techniques in the design of repeater enclosures. 


Application 

The AT-6 Repeater may be used on facilities contain- 
ing loaded or non-loaded cable or a combination of both. 
If only loaded cable is present an impedance compensator 
or LBO would be connected to each side of the line 
terminals of the repeater for midpoint application. In 
terminal application the office side of the repeater would 
have a dummy LBO network (see Figure 7). 





Figure 10. insertion 
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New Negative-Impedance Repeater (Conclusion) 


For use on facilities composed of non-loaded cable or 
a combination of loaded and non-loaded cable, the LBO 
networks in the AT-6 Repeater are replaced with non- 
loaded networks which automatically are connected io 
the gain adjusting section of the repeater. In this appli- 
cation the shunt section of the repeater, which normally 
is not used in these applications, is removed from service 
by disconnecting its supply voltage at the shelf jacks. In 
a foreign-service line composed of a loaded line on one 
side, a non-loaded on the other, an LBO is used on the 
loaded side (Network Type A—Figure 7) and a non- 
loaded gain adjustment network is used on the non-loaded 
side (Network Type C—Figure 7). The LBO would be 
connected in the loaded line side of the repeater, and the 
Type C Network would be connected as a gain adjust- 
ment network in the series section of the repeater. 


Where the maximum repeater gain is desired, the AT-6 
may be disabled during the idle condition by removing 
the supply voltage from the unit. 


Figure 10 shows the insertion gain of an AT-6 Repeater 
when used as a terminal repeater on three sizes of the 
most widely used cable. These curves are for a gain 
setting of 5.0 db. The repeater provides approximately 





Figure 11. Midpoint Application of an AT-6 Repeater 
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the same gain for these various sizes of cable with slight 
differences at the low- and high-frequency ends. The LBO 
unit used to compile these curves was adjusted for 0.8 
end section (recent development work indicates that 
upper-frequency improvement will result when this is in- 
creased to 0.95 end section). The curves in Figure 10, 
using resistance termination, are quite smooth; however, 
in actual use a certain degree of curve variation will occur 
when telephones are used as terminations. 


Figure 11 shows the same repeater in a midpoint appli- 
cation on a longer circuit. The gain setting of the repeater 
in this case is 10.0 db. The upper-frequency end of this 
curve can be improved somewhat by changing the end 
section adjustment to 0.95. 


Installation 


The installation techniques used for an AT-6 are some- 
what different from those used for conventional negative- 
impedance repeaters. Before placing the AT-6 into service 
on loaded facilities it is necessary to adjust the LBO 
section to the particular facility. 


Adjustment of this LBO may be accomplished by the 
use of a table contained in the instruction booklet, or a 
more precise adjustment may be obtained by actual 
measurement. In this measurement the AT-6 Repeater is 
connected to the facility and an impedance or return- 
loss measurement set is connected to the repeater side of 
the LBO. By adjustment of components in the LBO a 
most desirable flat return loss or impedance characteristic 
can be obtained. 


The AT-6 installer’s set is an ideal instrument for the 
proper installation and adjustment of this repeater. This 
instrument permits the following measurements: 


1) Gain test of AT-6 in standard circuit. 

2) Gain test of present AT-2, AT-3 in a standard 
circuit. 

3) Insertion gain of repeaters in the facility. 

4) Measurement of return loss. 

5) Measurement of impedance. 


This installer’s set is completely self-contained, with its 
own signal source (oscillator) and detector (voltmeter) , 
obviating the necessity of carrying several pieces of test 
gear. The installer’s set requires only an external 48-volt 
supply, and can be used for testing and installing not only 
the AT-6 but also any existing AT-2 and AT-3 units. 
In testing the AT-6 (which is a combination repeater) it 
is possible to test either the series or the shunt section 
Separately if desired. The installer’s set can also be used 
to measure the return loss or impedance of the facility 
alone, if desired. 
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Alberta Government Telephones, a provincial govern- 
ment agency (209,000 telephones), provides all public 
telephone service in the Province of Alberta, Canada, 
with two notable exceptions—the City of Edmonton Tele- 
phone System (111,000 telephones), municipally owned, 
and about 900 rural systems (30,000 telephones), which 
are farmer-owned mutual companies. The A.G.T., how- 
ever, provides all long-distance service to the 350,000 
telephones in the province. Since World War II, new 
discoveries of oil, natural gas and mineral resources have 
resulted in both a startling population growth and a rapid 
industrial development. 


This has, of course, resulted in heavy demands for 
telephone service and has greatly accelerated the in- 
stallation of unattended automatic exchanges (commu- 
nity dial offices or C.D.O.’s), both to replace outgrown 
magneto exchanges and to provide service in newly devel- 
oped areas. In many of the latter cases, however, the 
location of temporary offices and housing for the con- 
struction forces might not coincide with that of the per- 
manent townsite, so that the final exchange location would 
be difficult to determine in the early stages of develop- 
ment. An example of this situation was the construction 
of a large paper mill, utilizing natural gas as a fuel sup- 
ply, at Hinton, Alberta, near two existing townsites, sev- 
eral miles apart. Telephone service was urgently required 


Figure 1. Portable 
Telephone Exchange 
being moved to 
Location on Flat-bed 
Tractor-Trailer 


during the construction period, but the final growth 
pattern of the community was not immediately apparent. 


These circumstances led to consideration of some form 
of portable exchange which could be used to provide 
initiai service at a temporary site and which could be 
replaced later by a fixed installation. It was decided, 
therefore, to build a portable exchange for Hinton and 
to use the experience thus gained as a guide to future 
employment of such units. 


Several organizations in Canada have been using 
mobile buildings to house similar equipment, and many 
of these were examined. A design used by one of the 
major oil companies and in certain defense installations 
was selected as being the most suitable for the A.G.T. 
This design incorporates a body of stressed steel sheets 
over a framework of steel channels, with interior lining 
and insulation, the whole mounted on heavy skids. 


A portable building on skids was chosen instead of a 
mobile trailer on wheels because: (1) It would provide 
a more steady platform for the equipment; (2) It would 
be in service most of the time, and only infrequently in 
transit; (3) Low, flat-bed, tractor-trailers, such as used 
for the road transport of heavy machinery, were readily 
available throughout the province on a rental basis. A 
complete building, in transit, is shown in Figure 1. 
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Portable Telephone Exchange (Continued ) 


DETAILS OF BUILDING 


The two skids supporting the building are 10-inch “TI” 
beams with curved ends and heavy tubular spacers, pro- 
viding a rigid foundation. The double wood floor is sup- 
ported by transverse 4-inch “I” beams, reinforced under 
the equipment bay locations. The body framework con- 
sists of specially shaped steel channel ribs with bolted 
joints (Figure 2). This framework is covered with sheet 
steel panels fitted to the vertical channel ribs and held by 
outer steel channels of smaller section; as these smaller 
channels are tightened into the main channels by bolts, 
they stretch the sheet steel panels, thus providing a 
stressed-skin structure of great strength and rigidity, 
which is sealed at the joints with weatherproofing com- 
pound. This patented construction, known as the “Lind- 
sey” body, is widely used for truck and trailer bodies; 
the components, of American manufacture, are com- 
mercially available in Canada. 


The body is lined with plywood on wood battens fast- 
ened to the steel channel ribs, and the space between the 
plywood and the outer sheet-steel skin is filled with glass 
fibre insulation, and provided with a vapor barrier. A 
114-inch square wood strip around the inside walls, 7 





feet above the floor, provides a secure fastening for the 
auxiliary equipment framework. This strip is plainly seen 
in the interior view (Figure 3), which shows a completed 
building, ready for installation of exchange equipment. 


A single door at one end is for normal use of main- 
tenance personnel, and a double door at one side provides 
for the entry of equipment. Small windows, double glazed 
with Vibrin plastic sheet, are located high on each side, 
to provide good light without offering a means of un- 
authorized entry. 


A propane gas-fired heater, with forced hot-air circula- 
tion, provides adequate heating for the prolonged Alberta 
winters—even with temperatures as low as —50°F. On 
the other hand, summer temperatures may rise to nearly 
100°F., and for this reason, two electric ceiling-exhaust 
fans, with automatic shutters, are installed for ventila- 
tion. Semi-recessed lighting fixtures are mounted in the 
ceiling and walls, and power outlets provided as required. 
The heater-fan motor and controls, ceiling exhaust fans, 
lights, and power outlets are all wired to a 110/220 volt, 
50-ampere service box, arranged for connection to an ™ 
externally mounted watt-meter and commercial a.c. 
power supply. 


Figure 4. Floor Plan Arrangement of Portable Telephone Exchange 
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Figure 2. Body Framework Construction Figure 3. Interior View ready for Equipment installation 
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Portable Telephone Exchange (Continued ) 


Figure 5. Interior View showing Switchroom Arrangement 














The portable building is 36 feet long, 9 feet wide, and 
8 feet high. This provides adequate space for the switch- 
ing equipment, plus the main distributing frame, power 
equipment and toll terminating equipment as required; 
the floor plan arrangement is shown in Figure 4. The 
building has a capacity of 500 lines, which is considered 


to be sufficient for most temporary exchange applications. 


- 
Re I 3 ian ceca 


Standard stocklist units of Type 11 M-A-X equipment 
were installed in the portable building, at the A.G.T. 
shops in Edmonton, and the result was the attractive 
switchroom shown in Figure 5. The flexibility of the Type ' 
11 units was proven by the fact that the only modifica- | 
tion required consisted of minor changes in the auxiliary 
framework, to adapt it to the elongated shape of the 
portable building. All switches and other jack-in units | 
of equipment were securely held by temporary wood | 
battens, and the storage batteries were not mounted but | 
left in their original shipping cartons on the floor. 
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| TRANSPORTATION AND INSTALLATION AT SITE 


The portable building, with equipment installed, was 
then transported some 200 miles to Hinton by road, using 
a rented flat-bed tractor-trailer as shown in Figure 1. At 
two points the building had to be dropped off the trailer 
and skidded under low overhead bridges; this maneuver 
was facilitated by use of the power winch on the tractor. 
Apart from this, no difficulty was encountered and no 
damage of note to the equipment occurred. 


A temporary site adjacent to a highway had meanwhile 
been selected at Hinton, and the necessary outside cable 
plant installed. Aerial cable on wood poles was utilized, 
so subsequent re-routing to the eventual permanent ex- 
change location would be at a minimum cost. 


The temporary site was on a new toll route, to which 
12 channels of medium-haul open wire carrier were added, 
8 channels of which were used for two-way operator 
trunks to the controlling toll center at Edson, 55 miles 
distant. The carrier terminal equipment, with the neces- 
sary 130-volt power supply, was also installed. 


Upon arrival at Hinton, the portable building was un- 
loaded at the temporary site and levelled, the storage 
batteries were installed (Figure 6), the equipment was 
checked, and connections were made to the local a.c. 
power supply, trunk lines and local cable plant. 


EXPERIENCE GAINED AT HINTON 


This portable exchange has now been in service at 


) Hinton for two years. The Type 11 M-A-X equipment 


has given excellent service during this period of rapid 


_ growth — which included the installation of a large 
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P-A-B-X with 8 trunks to the exchange. Additional units 
of Strowger equipment from the A.G.T. stores, quickly 
and easily installed, have been invaluable in meeting 
traffic demands. 


The heavy traffic to the controlling toll center at Edson 


| has indicated the need for greater capacity in the 48-volt 


power supply. It was also felt that a cable entrance 
through the end wall, with outside jointing, instead of 
floor entry with inside jointing, would be more con- 
venient. These improvements were incorporated in the 


- | second portable building constructed, with successful re- 
} sults. This building was installed in a housing area on 


the perimeter of Calgary, and made it possible to provide 


) Service within 10 weeks from conception of the project. 


While the grade of service provided was naturally poor 


> for a large urban dial area, and involved temporary num- 
| bering, nevertheless service was provided quickly, where 


otherwise nothing could have been done. In this connec- 
tion 't was found desirable to provide full digit-absorbing- 
type selectors for ultimate flexibility. 
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Figure 6. Storage Battery Arrangement. 


Portable Telephone Exchange (Conclusion ) 





ECONOMIC ASPECTS 


In view of the special nature and purpose of the port- 
able exchange, it was not expected to compete in cost 


with fixed installations of the same capacity; neverthie- | 


less it appears to do so. The portable building is raied 


as a 20-year structure, as compared to the much shorter | 


life of wheeled trailers, and is very competitive in cost 
to prefabricated steel buildings. The equipment costs are, 
of course, the same with the exception of a slight addi- 
tional expense for modification of the auxiliary frame- 
work and battery rack. 


There are, however, substantial savings in shipping and 
labor costs. Transportation of the complete building and 
equipment at $0.95 per mile was found to be equal to 
freight charges for the equipment alone over the same 
distance, thus saving the cost of freight on a comparable 
prefabricated building. 


Assuming four men spending four weeks installing the 
equipment in the portable building at the shops in their 
home area, and only one week in placing the exchange 
in service at the operating site (instead of 5 weeks at the 
latter, which would be required in the case of a non- 
portable installation), there is a saving of about $5.00 
per man per day, or over $500 for out-of-town living 
expenses, plus some intermediate travelling expenses. 


ACCEPTABILITY 


The introduction of any radical change in established 
practice is bound to cause some reactions from the per- 
sonnel involved. The attitudes of staff and subscribers to 


the portable exchanges were carefully observed and were | 


found to be favorable in all cases. The installers were 
very pleased that most of their work was performed in 
their home area, with all shop facilities at hand, as com- 
pared with the makeshift and expensive accommodations 


of a new town. The maintenance personnel found the — 


portable buildings comfortable to work in and the equip- 


ment easy to maintain. Subscribers, impatient for service, | 


and accustomed to the usual slow erection of a building 
and installation of equipment, were surprised and pleased 
with the speedy introduction of service made possible by 
the portable exchanges. 


CONCLUSION 


The value of these portable exchanges in providing 
telephone service quickly to new communities seems con- 
clusive. With the addition of a portable, engine-driven, 
a.c. power supply, they would be invaluable in case of 
any disaster which interrupted regular telephone service. 
No abnormal costs are involved in their construction oF 
maintenance, and the reaction of staff and subscribers is 
most favorable. 
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phones & Supplies Limited, the Automatic Electric installation 
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versity of Manitoba with a B.S. degree in Electrical Engineering. 
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partment of the Manitoba Telephone System. In 1954 he joined 
the staff of Automatic Electric Sales (Canada) Limited as Sales 
Engineer on telephone equipment at Edmonton, Alberta. He is 
now specializing on carrier and radio equipment sales engi 
neering. 








The Class ‘‘W” relay was designed to meet the need 
for an industrial switching component that would switch 
a multiplicity of contacts at moderate voltages and cur- 
rents, and with minimum power consumption. A max- 
imum of 50 sets of transfer contacts were required. 


Telephone-type relays do not lend themselves to spring 
pileups of this size, and the use of multiple-ccnnected 
relay groups to switch large numbers of contacts has the 
disadvantage that variations in operating speeds between 
individual relays would make it difficult, if not impos- 
sible, to insure break-before-make operation, essential in 
certain circuit applications. In order that relays be cap- 
able of long life and a high degree of reliability, yet be 
economical to manufacture, their design must utilize the 
most advanced methods of fabrication, assembly, and 
adjustment. 


The following design requirements were established 
for this new relay: 


Contacts 


A maximum of 50 form C (break-make or transfer) 
contacts capable of carrying a load of 3 amperes at 50 
volts, non-inductive load, with a maximum contact re- 
sistance of .100 ohms. 


Power 


The maximum input power must not exceed the equiv- 
alent of 0.300 amperes at 30 volts, or 9 watts. This is 
based on the requirements for a nominal 24-volt relay, 
30 being the maximum expected input voltage. For the 
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Class ‘‘W"’ Relay, shown without cover. 


same 24-volt nominal requirement the relay must op- 
erate reliably on 18 volts. 


Dielectric Strength 

A minimum of 1500 volts, a.c., rms, is required between 
open contacts, between adjacent springs, and from springs 
to frame. 


Insulation Resistance 
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A minimum of 1500 megohms (1.5x109 ohms) at 
80°F, 88% R.H. This requirement must be met between 
any individual spring and all other springs electrically 
commoned, and between any spring and the frame. This 
requirement was necessitated by the fact that application 
requirements could specify that all but one spring be at © 
a common circuit potential. 
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Life Expectancy 

To conform to existing standards of performance the | 
relay must be designed for long life with a minimum of 
maintenance and adjustment. 
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Adjustment : 

For economy, the design must permit rapid assembly 
and minimum adjustment during manufacture and dur- * 
ing the normal life of the relay. i 


¥ 


Wiring a 

Because of the number of connections required for each : 
relay, solderless wrap terminations were specified for both — 
the spring and coil connections, each terminal to accom- 
modate two connections of either 24 or 26 gauge wile. | 
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yp- | Design of Spring Assemblies 
After considering a number of conventional telephone 
relay constructions, a wire-spring design was selected as 
en — the most suitable. It was determined that, by using the 
ngs — “operating card” principle (Figure 1), the frictional load 
| at the wear points could be reduced to that of individual 
wire tension, with each wire spring resting individually 
against a separate point on the operating card. The only 
at ' portion of the card supporting the load of a number of 
€N springs is that portion which contacts the relay armature, 
ly _and here the load is applied over a substantially large 
ne f area. Also, at these points the sliding between the con- 
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tacting members is appreciably less than it would be on 
more conventional type mechanisms. 


Twin wires are used for the movable springs, resulting 


the ‘ in almost completely independent action for maximum 
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contact reliability. The center contact is located on a 
rigid stationary wire and the contact pressure is derived 
by tensioning the smaller movable wires against the sta- 
tionary contact assembly. These movable wires, which 
have precious metal contacts attached at the free end, 
"are operated upon by the operating card, thus assuring 
Positive movement of the movable springs and minimiz- 
ing the possibility of contacts welding. 


R 








Another reason for selecting this method of operation, 
be coinpared to the buffer-type actuation, is the compen- 
‘ Satins effect of card wear at the point of contact with the 
j indiv dual springs. Wear on the card results in a decrease 





in the open-gap contact spacing, which compensates for 
mechanical and electrical erosion of the contacts. 


To insure correct contact-alignment, a molded comb is 
provided immediately beneath the contacts on the sta- 
tionary spring assembly. The smaller movable spring 
wires are guided by this comb, with extensions on either 
end of the comb serving as a means of locating and posi- 
tioning the stationary contact group. 


A.E. Code 0 (50% Palladium, 50% Silver) contacts 
are used to meet the current and contact-resistance re- 
quirements. Contacts are secured to the stationary wires 
by a nickel-silver backing with a 10 mil overlay of the 
precious metal material. The contacts on the movable 
wires are of similar construction and are resistance-welded 
to the nickel-silver wires. To insure proper mating of the 
contact pairs, the contacts on the movable wires are 
“coined” to a curved configuration after welding. 


Since a relay of this type could prove economical, from 
both a size and cost standpoint, with fewer than 50 con- 
tact sets, we arranged the contact groups in separate 
levels which could be assembled in combinations of one, 
two, or three levels. By molding each level of 17 springs 
(or pairs of springs, in the case of the movable wires) 
into an integral unit, combinations of 17, 34, or 51 con- 
tacts can be furnished. The largest possible combination 
that can be provided is 51 form C contacts; however, 
forms A (make) or B (break), or combinations of forms 
A, B, and C can also be provided. A thermosetting mold- 
ing compound is used; suitable interlocking bosses are 
provided to key the asembly together and assure proper 
alignment. The location bosses at the extremities of the 
molded comb on the stationary wire assembly are an- 
chored into adjustable arms on a metal frame, and these 
arms serve as a means of positioning the stationary con- 
tacts during relay adjustment. Because of the accuracy 
with which the contacts can be located during manufac- 
ture, group adjustment of these contacts is the only posi- 
tioning required. The stroke is fixed by the design of the 
armature assembly, and margining requirements are met 
by removal of tension from the single armature-restoring 
spring located at the outside of the spring pileup, 
Figure 1. 


In considering the electrical requirements for these 
contacts, particularly in industrial applications, it was 
necessary to provide one-quarter-inch creepage paths at 
the terminal ends of the wires where the cover does not 
provide protection. This was done by providing steps in 
the molded portion of the spring assemblies as illustrated 
in Figure 2. Where solder connections are used, the 
danger of surface contamination of the insulation by the 
solder flux is thus also alleviated. 
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The Class ‘‘W”’’ Wire Spring Relay (Continued) 












































Figure 2. ‘‘Step’’ Design of Insulation provides one-quarter inch ‘‘Creepage"’ Distance 


Magnetic Circuit 


Because of the need to operate the large spring load 
of the Class “W” relay at a reasonable power level, re- 
search was carried on to determine the most suitable 
magnetic configuration. In considering the equation for 
the attractive force of an electromagnet: 


— (NI)? 
AR2 
where F — attractive force 
NI —= ampere turns 


A = effective pole-face area 
R = reluctance 


F 


it can be seen that the force is a function of the second 
power of the reluctance. The reluctance of the air gap 
is an appreciable portion of the total reluctance of the 
circuit; the importance of this can be seen in Figure 3, 
which illustrates a typical load curve of the relay, and 
pull curves of the armature assembly. The crucial point 
on the load curve occurs at a point in the stroke at which 
there is still an appreciable air gap. Design efforts were 
directed at securing the maximum attractive force at 
this point. 


An Instron testing machine was used to plot a pres- 





MA WAAAY 


sure-deflection curve for evaluating the pull ene: 
istics of each structure tested. The machine consists of a 
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strain-gage amplifier and a means for synchronizing the © 
rate of deflection of the mechanism under test with the 
feed of a chart drive. By this means a “family” of pull 
curves can be obtained in a matter of minutes, compared 
to hours and even days required by the previously used j 
techniques. 


The structure chosen is an “E”-core design (see Fig- | 
ure 4), and has a low open-gap reluctance, which 1s” 
essential for this application. In place of the armature ¥ 
bearing pin used on many relays, the armature is sup- 7 
ported on a flat nickel-silver spring. At the pivoting end 
of the armature, between the armature and the magnetic 
core, a nickel-silver wear plate is provided, which also | 








serves as a residual disc. 


| 

The stroke of the magnetic circuit is fixed at .050”. | 
The free end of the armature assembly is restrained by | 
a non-magnetic member fastened to the open end of the | 
core assembly. In the de-energized position this member” 
functions as a backstop for the armature. The stroke, 
built into the operating card, is determined by the lengthj 
of the extension of the card through the core. ; 
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The Class “W” Wire Spring Relay (Continued) 





Figure 4. ‘‘E’’-Core and Armature 


SELECTION OF MATERIALS 


Many of the materials used in this relay were chosen 
to meet specific requirements peculiar to non-telephone 
applications of switching relays. For the molded spring 
assemblies and the operating card, for example, general 
purpose phenolic would be a good choice under ordinary 
conditions, because of its moldability, strength, good elec- 
trical properties, and reasonable cost. Under severe 
humidity and moisture conditions, however, coupled with 
demands for increasingly higher insulation resistance, it 
was necessary to specify a material less susceptible to the 
effects of moisture. A lengthy series of tests was con- 
ducted on all known materials suitable for this applica- 
tion, encompassing the effects of time, temperature, and 
humidity on the electrical characteristics. As a result of 
these tests, and further consideration of the mechanical 
requirements for the material, a diallyl-phthalate molding 
(DAP) compound, partially glass-filled, was selected for 
both the spring insulation and the operating card. 


Figure 5 shows the results of an extended humidity 
test on specimens of both the “DAP” material and a 
general-purpose phenolic material. The insulation resist- 
ance of the “DAP” material may be more than 10 times 
that of the general-purpose phenolic, under the severest 
use, and the rate of both decline and recovery of insula- 
tion resistance are markedly superior. 


OPERATING CHARACTERISTICS | 





There is no one characteristic by which a relay can be | 
measured to determine its suitability for all switching | 
applications; all of the characteristics must be considered, 
in terms of the particular application. Since complete 
performance data on production units is not available 
at this time, typical data taken from evaluation tests on 
prototype samples are given; some variations from these 
figures may be expected on production units: 


Sensitivity 


Increasing importance is attached to the power re- 
quirements for electromagnetic switching components. 
The “just operate” power sensitivity, defined as the 
minimum value of power, in watts, which will cause 
the relay to operate, is one measure of the overall 
efficiency of the design, as it incorporates both the 
magnetic efficiency of the structure and the electrical 
efficiency of the coil. For purposes of comparison, both 
ampere-turns and power sensitivity are given for sev- 


_ 


eral typical A.E. relays: 
“Just Operate” Sensitivity 
Milliwatts/ Ampere-turns/ 
Relay Form C Form C 
Class B (Note 1) 29 34 
Class E (Note 1) 104 47 
WQA (Note 2) 18 6.2 


Note 1—Data based on a standard 8C spring load 
Note 2—Data based on a standard 51C spring load 


It is interesting to note that the ampere-turn sensi- 
tivities of the Class B and Class E relays are compar- © 
able, while the power sensitivities are not. One im-' 
portant factor here is the appreciably greater coil 
volume available on the B relay, which results in a 
lower resistance per turn (or ampere-turn). 


The 24-volt coil (110 ohms) draws 5.2 watts at 
nominal voltage and the “just operate” voltage is ap- 
proximately 10 volts (corresponding to 0.91 watts). 


Operate and Release Characteristics 


Operate and release time values, measured on proto- 
type samples using the 24-volt, 110-ohm coil, are 
shown in Figure 6. The armature restoring spring is 2 
factor in determining the proper balance between op- 
erate and release time, and in production units the 
timing will be controlled by adjusting this tension to 
effect an equitable balance for the various spring com- 
binations available. Coil power is also a factor, as seen 
in Figure 6, and the operate time can be improved sub- 
stantially by increasing the input coil power. 
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The Class ‘‘W’’ Wire Spring Relay (Conclusion) | 


Load and Pull Curves The minimum value of ampere-turns that will fully | 


operate the relay is approximately 320. If a non- § 

Figure 3 shows typical load and pull character- operate margin requirement is to be specified ii can 
istics for an assembly of 51 form C contacts, at various be seen that this value must be 200 ampere turns or | 
ampere-turn levels. (In operating the structure to ob- less. An intermediate value of ampere turns will result 
cain these curves the maoveRneRt was slow enough to in partial operation of the relay, with the armature 
insure that dynamic conditions were not a factor.) travel stopping at the point in the stroke at which the 


It can be seen that the load increases sharply at two pull developed by the coil is equaled by the magnitude | 
of the load. | 


points. Reading the load curve from right to left (in 4 


the direction of relay operation) the first point is as ; 
Contact Loading and Life Expectancy 


the operating card picks up the load of the normally 

closed (break) springs. The second-step increase in The contacts are rated to carry 3 amperes, 150 watts, 
the slope of the load curve occurs as the normally non-inductive load. Life comparable to that of a tele 
open (make) contacts close and the tension of the phone-type relay is expected. One factor which con- 
associated springs is transferred from the operating tributes to the life of the contacts, particularly under | 
card to the contacts. This shows up as an increase in conditions of arcing, is the extremely short duration 
load, for the reason that the tension of the make of the contact chatter, or bounce; here, the low mass 
springs on the operating card was in a direction to aid of the movable springs is a major factor. During re- 
the operation of the relay. lease of the relay the rebound energy of the armature 
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Figure 6. Operate and Release Characteristics of Typical Assemblies 
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is absorbed by the armature-retaining spring, which 





\on- | helps to reduce the chatter of the normally closed 

can (break) springs. 

o Initial tests on prototype samples are still in prog- 

ure ] ress, and indicate that the adjustment-free life of the 

the, relay will be in excess of 70 million operations. Figures 

ude? on the life expectancy of loaded contacts are not avail- 
' able at this time, and are difficult to predict because 
’ the life is dependent to a large degree on the type of 
; loading and the environmental conditions. 
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MOUNTING 


The Class “W” relay mounts with four No. 8-32 screws. 
The recommended mounting position is with the arma- 
ture and the operating card in vertical planes; this min- 
imizes the effect of the weight of the armature. 


The development of this long-life, high reliability re- 
lay, capable of switching large numbers of circuits, at an 
economical operating power level, is another step in a 
program to provide advanced telephone and industrial 
switching components. 


GLENN A. BORLING received his B.S. in E.E. from Illinois Insti- 
tute of Technology. He became associated with Automatic Elec- 
tric as a student engineer in 1948, and in 1950 was transferred 
to the Laboratories as a project engineer. He is now serving as 
a group leader in the Electromechanical Design Section where 
he is active in the development of telephones and relays. Glenn 
is a member of A.I.E.E. and American Society for Metals. 
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CODE HOLES FEED HOLES 


Billing Tape showing ‘“‘Codel"' Four-element Coding System 


The final product of a SATT system is a strip of per- 
forated paper tape (as shown above) containing all the 


information necessary for billing the subscriber for toll 
services rendered. This information is in “Codel” code, 
= a four-element coding system used for translating, stor- 
ing, and sending digital information from one piece of 
SATT equipment to another. Codel relays play a sub- 
stantial part in the translating, storing, and sending of 
this information. 


All data received from the Ticketer must be stored on 
B sets of Codel relays in the Tabulator in order to permit 
insertion of data normally connected to the Tabulator 
directly, and to clear the Ticketer as rapidly as possible. 
The sending speed of the Tabulator is controlled by the 
maximum speed of the tape punch which is slower than 
the speed with which information can be spilled and 
stored from Ticketer to Tabulator. Information from the 
Ticketer is forwarded to four wipers of a twenty-five point 
rotary switch which extend it to the Codel relays; it is 
then forwarded to the tape punches by four wipers of a 
fifty point rotary switch which scan the Codel relays, the 
strapped information in the Tabulator, and the Dater- 
Timer terminals. 


The first Codel relays to be used in a SATT system 
were ‘l'ype 58 mounted individually on a base; they are 
still being used for certain applications where more than 
one make combination per pileup is required. The next 
Code’ relay used in the system was the so-called Codel 
“clusier” consisting of four individual YQA type relays 


mounted on a common bracket, wired as a unit. Since 
this arrangement is used many times in the system, we 
believed that economies in manufacture could be achieved 
by designing a special unit to replace this “cluster’’. 


Our basic goal was to design a relay that was eco- 
nomical to manufacture; also we wanted to completely 
eliminate the need for manual adjustment. The customer 
could achieve substantial labor savings by eliminating the 
periodic readjustment required by the Type 58 relay and 
the YQA. 


The first Type 59 Codel relay (Figure 1) was avail- 
able in 1959; the designation “Type 59” was used since 
the relay was to be used predominantly in the SATT 
system of the same name. The relay uses four coils on a 
common heelpiece (Figure 2) because it would be most 
flexible in application to the existing system. The pos- 
sibility of magnetic interaction between coils on the com- 
mon heelpiece was investigated with results showing 
variations of one or two milliseconds in operate and re- 
lease times, which was not considered significant in light 
of the application of these units. We used a common 
make spring because of the circuitry involved, and twin 
contact springs to increase the reliability of closures. We 
eliminated all manual adjustment by designing the mar- 
gining and gauging into the fabricating process. The arm- 
ature springs are fabricated as one unit with tie strips 
holding them together at each end. The springs are pre- 
tensioned in a forming tool; the amount of form produces 
the correct pressure against the armature in the non- 





operated condition of the relay. The correct contact pres- 
sure upon operating the relay is achieved by having the 
proper space between armature spring contacts and make 
spring contacts, and by having the proper form angle in 
the armature. After the relay is assembled, the tie strips 
are clipped off and the unit is ready for inspection. 


The welding of contacts on both fixed and moving 
springs is accomplished by means of a semi-automated 
process. After an initial set-up has been made and the 
first contact welded, the remaining seven welds on each 
spring group are accomplished automatically by an in- 
genious indexing device, which aids in producing uniform 
heading of each contact and perfect contact alignment. 
Additional manufacturing savings accrue by eliminating 
the set-up time for eighty-seven percent of the welds. 


Wire-wrap terminals are used to eliminate the need 
for tinning and soldering, and to benefit by obtaining a 
gas-tight, corrosion-resistant connection which is less sub- 
ject to breakage due to vibration, and permits easier 
inspection and tracing of defective joints. Terminals are 


long enough to accommodate two wrapped connections. 


Since the adjustment of the Type 59 Codel relay has 
been designed into its construction, its operating charac- 
teristics are fairly broad in comparison with a manually 
adjusted relay. This is because the manufacturing proc- 
esses involved do not allow for as close tolerance control 
in margining and gauging as would be in the case of a 
manually adjusted relay. However, the unit will normally 
operate very satisfactorily in the SATT system. 


There are other applications for Codel relays in toll 
practice. In the Type 31-C and FW-1 toll systems, for 
example, Codel relays are used for digit storage in im- 
pulse sending circuits. These units will also be modified 
to use the Type 59 Codel relay. 


MAINTENANCE 


Each armature may be removed and reformed to 
change the stroke, which in turn will change the contact 
pressure and release current value; a faulty coil may also 
be easily replaced. The make spring is quite rigid and 
not likely to be damaged, and since the armature springs 
are well protected by the make springs, in normal han- 
dling they should not be disturbed. 


Life testing of the Type 59 Codel relays showed no 
failure; this life test simulated twenty-five years of field 
service. 
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